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(LQZHVHQWOLFKHU9HUXUVDFKHU GHV.OLPDZDQGHOV LVW QDFK
KHXWLJHP(UNHQQWQLVVWDQGGLH(PLVVLRQYRQ7UHLEKDXVJD
VHQ $XV GLHVHP*UXQG LVW HLQH 5HGXNWLRQ GLHVHU 7UHLE
KDXVJDVHPLVVLRQDQ]XVWUHEHQ
'HU6HNWRUGHU0RELOLWlWVSLHOWGDEHLHLQHZLFKWLJH5ROOHXQG

















ZHLWHUKLQ QLFKW YROOVWlQGLJ SK\VLNDOLVFK EHVFKUHLEEDU XQG
QXPHULVFKH0RGHOOHVLQGRIW]XU$XVOHJXQJYRQ*DVWXUEL
QHQQLFKWDXVUHLFKHQG*UXQGKLHUIULVWGLH9LHO]DKODQ9D
























WXUHQ LQGHPVLHGHQ:lUPHVWURP LQGLH:DQG UHGX]LHUW
'D GHU .KOOXIWVWURP HLQHU HLQ]HOQHQ %RKUXQJ QXU HLQHQ
NOHLQHQ%HUHLFKDEGHFNWZHUGHQPHKUHUH%RKUXQJHQQH
EHQHLQDQGHUDQJHRUGQHW%HL]XQHKPHQGHU'LVWDQ]VWURP








 ݍሶௐǡ௞௢௡௩ ൌ ߙ଴ ή ሺ ுܶீǡ௥௘௖ െ ܶௐሻ
EHUHFKQHQ 'DEHL HQWVSULFKW 7: GHU 7HPSHUDWXU DXI GHU
:DQGREHUIOlFKH7+*UHFGHU+HLJDVWHPSHUDWXU
 6XSHUSRVLWLRQVSULQ]LS
/LHJW )LOPNKOXQJ YRU NDQQ GHU:lUPHEHUJDQJVNRHIIL































GHU NRQYHNWLYHQ:lUPHVWURPGLFKWHሶ ୛ǡ୩୭୬୴ HUPLWWHOWZHU
GHQ0LWGLHVHP=XVDPPHQKDQJXQGGHU5DQGEHGLQJXQJ























6LH LVW GDV 9HUKlOWQLV GHU 'LIIHUHQ] DXV +HLJDV
UHFRYHU\WHPSHUDWXU7+*UHFXQGDGLDEDWHU:DQGWHPSHUDWXU





NHLQH )LOPNKOHIIHNWLYLWlW YRU VR HQWVSULFKW GLH DGLDEDWH













YRQ .KOOXIW XQG +HLJDV XQG IU YLHOH 8QWHUVXFKXQJHQ
HLQH9DULDEOHGHUHQ$XVZLUNXQJDXIGLH)LOPNKOHIIHNWLYLWlW
XQWHUVXFKWZLUG
1HEHQ GHU $XVEODVHUDWH VLQG DXFK GLH 5H\QROGV=DKOHQ
GHU EHLGHQ 0DVVHQVWU|PH 5H+*' XQG 5H./' ZLFKWLJH
.HQQ]DKOHQ 6LH ZHUGHQ PLW GHU HQWVSUHFKHQGHQ 6WU|
PXQJVJHVFKZLQGLJNHLW X GHU NLQHPDWLVFKHQ 9LVNRVLWlW Ȟ





















NHLWVVFKZDQNXQJ GHU +HLJDVVWU|PXQJୌୋᇱଶതതതതത EHQ|WLJW 0LW









EDX HUOlXWHUW 'D]X ]lKOHQ GLH 0HVVVWUHFNH .DSLWHO












$XI GDV 7XUEXOHQ]JLWWHU IROJW QDFK NXU]HU 'LVWDQ] HLQH
*UHQ]VFKLFKWDEVDXJXQJ  XP HLQH GHILQLHUWH *UHQ]
VFKLFKWGLFNHDP$XVWULWWGHU.KOOXIWERKUXQJ]XUHDOLVLHUHQ
,P DXVWDXVFKEDUHQ$XVEODVHPRGXO  VLQG IQI.KOOXIW
ERKUXQJHQSODW]LHUWXPGLHODWHUDOH%HHLQIOXVVXQJGHUHLQ




)U VSlWHUH )LOPNKOXQWHUVXFKXQJHQ ZLUG GHU 8UVSUXQJ
GHV .RRUGLQDWHQV\VWHPV LQ GHQ 6FKQLWWSXQNW DXV %RK
UXQJVDFKVH GHU ]HQWUDOHQ %RKUXQJ XQG GHU (EHQH GHU
0HVVSODWWHQREHUIOlFKH JHOHJW (LQ ZHLWHUHV YHUZHQGHWHV
.RRUGLQDWHQV\VWHP ZLUG DOV 0HVVSODWWHQNRRUGLQDWHQ
CC BY-NC-ND 4.0





'LH0HVVSODWWH  LVW DXVWDXVFKEDU XPGLH WKHUPLVFKHQ













+DXSWEHVWDQGWHLO GHV 3ODWWHQYHUEXQGHV GHU XQDEKlQJLJ
YRQGHUWKHUPLVFKHQ5DQGEHGLQJXQJYHUZHQGHWZLUGELOGHW
HLQH 6WDKOVFKLFKW  VRZLH HLQH 6FKLFKW DXV 7L$O
(LQH GQQH 6FKLFKW DXV:lUPHOHLWSDVWH VWHOOW HLQH JXWH
WKHUPLVFKH9HUELQGXQJ ]ZLVFKHQ GHQ3ODWWHQ VLFKHU $XI
GHU2EHUVHLWHGHU6WDKOSODWWHXQGGHU8QWHUVHLWHGHU7L$O







XQWHUVFKLHGOLFKHV 0RGXO DQJHEUDFKW )U HLQH P|JOLFKVW
DGLDEDWH5DQGEHGLQJXQJZLUHLQH.XQVWVWRIISODWWHDXV3R




















RGHU 7HLOXQJ EH]HLFKQHW XQG LP 9HUKlOWQLV ]XP
%RKUXQJVGXUFKPHVVHU DQJHJHEHQ )U GLH ODLGEDFN IDQ
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=XGHPZXUGHQ=XVDW]IXQNWLRQHQZLH HLQHXQNRPSOL]LHUWH













EHKHL]WHU .XSIHUEORFN PLW GHU VHOEHQ 2EHUIOlFKHQODFNLH
UXQJZLHGLH VSlWHUH0HVVSODWWHXQGHLQHPHLQJHNOHEWHQ
7KHUPRHOHPHQWKHUDQJH]RJHQ=XU(UPLWWOXQJGHU9RUND
OLEULHUXQJVYDULDEOHQ ZLUG GLHVHU .XSIHUEORFN VFKULWWZHLVH
HUKLW]W'LH6WUDKOXQJVZHUWHGLH LQ MHGHP6FKULWWHUPLWWHOW
ZHUGHQ ZHUGHQ IU GLH (UVWHOOXQJ HLQHU Ä1RQ8QLIRUPLW\
&RUUHFWLRQ³0DWUL[YHUZHQGHW'DGXUFKLVWHLQHSL[HOZHLVH
.DOLEULHUXQJXQWHU%HUFNVLFKWLJXQJGHU'HWHNWRUXQJOHLFK
















HLQ $OJRULWKPXV JHQXW]W GHP PDUNDQWH 3XQNWH DXI GHU
0HVVREHUIOlFKHEHUJHEHQZHUGHQ
,QHLQHPZHLWHUHQ6FKULWWZHUGHQGLH IQI(LQ]HOELOGHU ]X
HLQHP *HVDPWELOG ]XVDPPHQJHVHW]W 'LHV LVW ZLHGHUXP



















HLQH IOlFKLJH 7HPSHUDWXUPHVVXQJ 6WDWWGHVVHQ ZLUG GHU




'LH EHLGHQ 7HPSHUDWXUPDWUL]HQ ZHUGHQ DOV 5DQGEHGLQ













VWUDKOXQJ DXVJHKW NDQQ GHU ZDQGQRUPDOH :lUPHVWURP
DXVGHU6LPXODWLRQGHU)(0QLFKWGHPNRQYHNWLYHQ:lU
PHVWURPJOHLFKJHVHW]WZHUGHQ6WDWWGHVVHQPXVVIUGHQ
ORNDOHQ NRQYHNWLYHQ :lUPHVWURP GHU ORNDOH 6WUDKOXQJV
ZlUPHVWURP YRP NRQGXNWLYHQ :lUPHVWURP DQ GLHVHU
6WHOOHDEJH]RJHQZHUGHQ
'LHVH6WUDKOXQJVNRUUHNWXUHUIROJWPLWHLQHUZHLWHUHQ6LPX
ODWLRQ LQ GHU HLQ Ä'LVFUHWH2UGLQDWHV³ 0RGHOO YHUZHQGHW
ZLUG ,QGHU6LPXODWLRQZLUGGHUNRPSOHWWH9HUVXFKVNDQDO
LP%HUHLFKGHU0HVVSODWWHXQGGDUEHUKLQDXVDEJHELOGHW




HLQ OLQHDUHU 9HUODXI LQ 6WU|PXQJVULFKWXQJ DQJHQRPPHQ
$OV6WW]VWHOOHQIUGLHVHQ9HUODXIZHUGHQGLH:DQGWHPSH





















$QIDFKXQJ EHGHXWHW GDVV GHU :lUPHEHUJDQJ LQ GLH
0HVVSODWWHGXUFKGLH)LOPNKOXQJHUK|KWZLUGXQGVRPLWHL
QHQQHJDWLYHQ(LQIOXVVDXIGLH%HZHUWXQJGHU.KOZLUNXQJ
KDW =XU %HXUWHLOXQJ GHU $QIDFKXQJ VLQG GLH
CC BY-NC-ND 4.0



















,Q %LOG  VLQG GLH ODWHUDO JHPLWWHOWHQ 6WUDKOXQJVZHUWH GHU















DXV (LQH ]XVlW]OLFKH 6WUDKOXQJVNRUUHNWXU PXVV GHVKDOE
GXUFKJHIKUWZHUGHQ)UGLHVH.RUUHNWXUZLUGDQJHQRP
PHQGDVVGLH6WUDKOXQJVZHUWHGHVGULWWHQXQGVRPLWPLWW




LP %LOGEHUODSSXQJVEHUHLFK HUPLWWHOW $QVFKOLHHQG ZHU
GHQGLH6WUDKOXQJVZHUWHGHU)HQVWHUXQGHLQKHLWOLFKXP
GHUHQMHZHLOLJHJHPLWWHOWH'LIIHUHQ]]X)HQVWHUUHGX]LHUW
$QDORJ ZHUGHQ GLH )HQVWHU XQG  PLW GHQ JHPLWWHOWHQ






VFKHQ 2EHUIOlFKHQWHPSHUDWXU DQ 6WHOOHQ GHU 7KHUPRHOH
PHQWHXQGGHU.DOLEULHUXQJVNXUYHQLHGHUVFKOlJW'LHVHU(I
IHNW LVW XQDEKlQJLJ YRQ GHQ WKHUPLVFKHQ5DQGEHGLQJXQ
JHQGHU0HVVSODWWHXQGGHP9RUKDQGHQVHLQHLQHU)LOPNK
























'HU :lUPHEHUJDQJVNRHIIL]LHQW QLPPW ]X %HJLQQ GHU
0HVVSODWWH:HUWHYRQHWZD:P.DQIlOOWGDQQVWDUN
DEXQGHUUHLFKWEHUHLQHZHLWH'LVWDQ]:HUWHHWZDVEHU
:P. 1DFK HLQHU /DXIOlQJH YRQ HWZD ['   
QLPPWGHU:lUPHEHUJDQJVNRHIIL]LHQWZLHGHUGHXWOLFK]X





















Deutscher Luft- und Raumfahrtkongress 2018
6
DXIIlOOLJXQGHQWVSULFKWQLFKWGHQ:HUWHQGLHEHLGHQJH
VHW]WHQ WKHUPLVFKHQ 5DQGEHGLQJXQJHQ GHU )(0
6LPXODWLRQ]XHUZDUWHQVLQG'DKHULVWGDYRQDXV]XJHKHQ
GDVV DGLDEDWH 5DQGEHGLQJXQJHQ DQ GHQ 6WLUQVHLWHQ GHU
0HVVSODWWHGLH5HDOLWlWQLFKWDXVUHLFKHQGDEELOGHQ
 0HVVXQJHQPLW)LOPNKOXQJ
=XU 'LVNXVVLRQ GHU (UJHEQLVVH GHU )LOPNKOPHVVXQJHQ















=XU %HXUWHLOXQJ GHV (LQIOXVVHV GHU )LOPNKOXQJ DXI GHQ
:lUPHEHUJDQJLVWLQ%LOGGDV9HUKlOWQLVGHUODWHUDOJH
PLWWHOWHQ :lUPHEHUJDQJVNRHIIL]LHQWHQ LQ $EKlQJLJNHLW
GHU/DXIOlQJHDXIJHWUDJHQ






UXQJVDFKVH ,Q 6WU|PXQJVULFKWXQJ QLPPW GLH )LOPNKOHI
IHNWLYLWlWNRQWLQXLHUOLFKDE(EHQVRYHUULQJHUWVLHVLFKLQOD
WHUDOHU5LFKWXQJDXVJHKHQGYRQGHU/DJHGHU%RKUXQJ
0LW ]XQHKPHQGHU $XVEODVHUDWH YHUJU|HUW VLFK LQ 6WU|
PXQJVULFKWXQJ GHU YRQ GHU )LOPNKOXQJ EHHLQIOXVVWH %H






































=XU 9HUGHXWOLFKXQJ VLQG LQ %LOG  GLH ODWHUDO JHPLWWHOWHQ
)LOPNKOHIIHNWLYLWlWHQ EHLGHU %RKUXQJVDEVWlQGH IU GLH
$XVEODVHUDWHQ0 XQGGDUJHVWHOOW
CC BY-NC-ND 4.0

















VDPWH EHWUDFKWHWH /DXIOlQJH HLQH $QQlKHUXQJ ]X HUNHQ










'HU9HUJOHLFKGHU0HVVUHLKH3' 0 PLW3' 
0 LVWDQGLHVHU6WHOOHYRQEHVRQGHUHU%HGHXWXQJ)U
EHLGH)lOOHLVWGDV9HUKlOWQLVDXVDXVJHEODVHQHP.KOOXIW
PDVVHQVWURP SUR 0HVVSODWWHQREHUIOlFKH LGHQWLVFK +LHU
]HLJWVLFKGDVVVLFKHLQH+DOELHUXQJGHV%RKUXQJVDEVWDQ
GHVGHXWOLFKSRVLWLYHUDXIGLH)LOPNKOXQJLQ%RKUXQJVQlKH
DXVZLUNW DOV GLH 9HUGRSSOXQJ GHV .KOOXIWPDVVHQVWURPV
(UVWDEVHKUJURHU/DXIOlQJH['§ZHUGHQYHUJOHLFK
EDUH)LOPNKOHIIHNWLYLWlWHUUHLFKW(V LVWDOVR LQ%H]XJDXI
















GHQ :lUPHEHUJDQJVNRHIIL]LHQWHQ LVW LQ %LOG  GDV




%,/'  9HUKlOWQLV GHU ODWHUDO JHPLWWHOWHQ :lUPHEHU
JDQJVNRHIIL]LHQWHQIUGLH$XVEODVHUDWHQ0 
XQGEHL3' XQG7X 
,P GLUHNWHQ 9HUJOHLFK PLW GHP JURHQ %RKUXQJVDEVWDQG
%LOGVLQGGLH6SUQJHDQGHQ)HQVWHUEHUJlQJHQVWlU
NHUDXVJHSUlJW=XGHPLVWGDV1LYHDXGHU:HUWHLP%HUHLFK
NOHLQHU /DXIOlQJHQ GHXWOLFK HUK|KW:lKUHQG EHL JURHP
%RKUXQJVDEVWDQG DQ GHU 6WHOOH ['    :HUWH YRQ 
0 ELV0 YRUOLHJHQOLHJHQGLHVHEHLUHGX












$UEHLW /' /]\O' ȖYRU ȖODW ȕ 3'
'LHVH$UEHLW      
6FKURHGHU
XQG7KROH
     
%HL6FKURHGHUXQG7KROH>@ZHUGHQGLH)LOPNKOPHVVXQ
JHQXQWHUGHQ'LFKWHYHUKlOWQLVVHQXQGXQGGHQ7XU
EXOHQ]JUDGHQ  EH]LHKXQJVZHLVH  GXUFKJHIKUW
=XP 9HUJOHLFK ZHUGHQ GLH 'DWHQ GHU 9HUVXFKVUHLKH PLW
'LFKWHYHUKlOWQLVDXIJUXQGGHUbKQOLFKNHLW]XUYRUOLHJHQ
GHQ $UEHLW KHUDQJH]RJHQ )U HLQHQ TXDQWLWDWLYHQ 9HU




GHQ GLHVHU $UEHLW $XIJUXQG GLHVHU EHLGHQ XQWHUVFKLHGOL
FKHQ 9HUVXFKVEHGLQJXQJHQ LVW HLQ 9HUJOHLFK PLW EHLGHQ
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EHL3' XQG3' EHL7X )UJU|HUH/DXIOlQ









'LH:HUWHYRQ6FKURHGHUXQG7KROH >@ OLHJHQ IUGLHVH
$XVEODVHUDWH GXUFKJHKHQG QLHGULJHU DOV GLH GHU EHLGHQ
%RKUXQJVJHRPHWULHQGHUYRUOLHJHQGHQ$UEHLW%HJUQGXQJ
KLHUIUNDQQGLH(LQVFKQUXQJGHV)LOPNKOVWUDKOHVEHLK|
KHUHQ $XVEODVHUDWHQ VHLQ GLH YRQ 6FKURHGHU XQG 7KROH
IHVWJHVWHOOWZXUGH MHGRFKQLFKWEHLYRUOLHJHQGHU$UEHLW]X
HUNHQQHQ LVW 'D GLH gIIQXQJVZLQNHO GHU %RKUXQJ EHL
6FKURHGHUXQG7KROH>@NOHLQHUVLQGDOVGLHGHUYRUOLHJHQ
GHQ$UEHLWLVW]XGHPYRQHLQHUVFKOHFKWHUHQODWHUDOHQ$E
GHFNXQJ GHV)LOPNKOVWUDKOVDXV]XJHKHQ -HGRFK LVW GHU
%RKUXQJVDEVWDQG JHJHQEHU 3'    JHULQJHU XQG HLQH






PLW GHP (LQ]HOVWUDKOYHUKDOWHQ (LQH %HJUQGXQJ IU GDV
9RUOLHJHQGHV(LQ]HOVWUDKOYHUKDOWHQVOLHIHUWGLH%HWUDFKWXQJ
GHVSUR]HQWXDOHQ$QWHLOVGHU%RKUXQJVEUHLWH]XU%UHLWHGHV
$XVZHUWHEHUHLFKV 'LHVH *U|H ZLUG DXFK DOV &RYHUDJH













)LOPNKOHIIHNWLYLWlW XQG GHP 9HUKlOWQLV GHU :lUPHEHU
JDQJVNRHIIL]LHQWHQDQJHZHQGHW
)UGHQ%RKUXQJVDEVWDQGZXUGH]ZLVFKHQ]ZHL.RQILJXUD
WLRQHQ YDULLHUW )U GHQ 7XUEXOHQ]JUDG GHU +HLVJDVVWU|









:lUPHVWU|PHQ GHU 0HVVSODWWH DEJH]RJHQ ZHUGHQ 'LH
DGLDEDWH )LOPNKOHIIHNWLYLWlW ZXUGH EHU GDV 6XSHUSRVLWL
RQVSULQ]LSEHUHFKQHW
%HLGHU%HWUDFKWXQJGHU)LOPNKOHIIHNWLYLWlWODJXQDEKlQJLJ
YRQ %RKUXQJVDEVWDQG 7XUEXOHQ]JUDG XQG $XVEODVHUDWH
GDV0D[LPXPGHU)LOPNKOHIIHNWLYLWlWVWHWVLQXQPLWWHOEDUHU
%RKUXQJVQlKH'XUFKGLH'XUFKPLVFKXQJGHU.KOOXIWPLW
GHP+HLJDV QDKP GLH )LOPNKOHIIHNWLYLWlW PLW GHU /DXI
OlQJH NRQWLQXLHUOLFK DE (LQH (UK|KXQJ GHU $XVEODVHUDWH
IKUWHVWHWV]XHLQHP$QVWLHJGHU)LOPNKOHIIHNWLYLWlW
0LWGHU5HGX]LHUXQJGHV%RKUXQJVDEVWDQGHVJLQJHLQH(U







VFKHQ GHQ .KOOXIWERKUXQJHQ EHL JURHP %RKUXQJVDE
VWDQG'DGXUFKZXUGHGLH.KOOXIWDXIGLH0HVVREHUIOlFKH
JHSUHVVWXQGGLH.KOZLUNXQJYHUEHVVHUW
8PGLH$XVZHUWHURXWLQHZHLWHU ]X RSWLPLHUHQ VROOWHQ GLH
DGLDEDWHQ5DQGEHGLQJXQJHQDQGHQ6WLUQVHLWHQGHV)(0
0RGHOOV NRUULJLHUWZHUGHQ6WDWW HLQHU DGLDEDWHQ5DQGEH
GLQJXQJVROOWHQ GLH:lUPHVWU|PHDQ GHQ6WLUQVHLWHQ GHU























>@ &6DXPZHEHU XQG$6FKXO] Ä(IIHFW RI*HRPHWU\











7HVW )DFLOLW\ WR ,QYHVWLJDWH )LOP &RROLQJ RQ D
1RQD[LV\PPHWULF&RQWRXUHG7XUELQH(QGZDOO3DUW,,
+HDW 7UDQVIHU DQG )LOP &RROLQJ 0HDVXUHPHQWV³
-RXUQDORI7XUERPDFKLQHU\%GS±±
±
>@ - .QHHU ) 3W] $ 6FKXO] XQG +- %DXHU
Ä$SSOLFDWLRQ RI WKH VXSHUSRVLWLRQ SULQFLSOH RI ILOP
FRROLQJ RQ D QRQD[LV\PPHWULF WXUELQH HQGZDOO³ LQ
WK ,QWHUQDWLRQDO 6\PSRVLXP RQ 7UDQVSRUW
3KHQRPHQD DQG '\QDPLFV RI 5RWDWLQJ 0DFKLQHU\
,6520$&+RQROXOX+,86$
>@ 0)UDDV7*ODVHQDSS$6FKXO]XQG+-%DXHU
Ä)LOP &RROLQJ 0HDVXUHPHQWV IRU D /DLGEDFN )DQ
6KDSHG +ROH  (IIHFW RI &RRODQW &URVV IORZ RQ
&RROLQJ (IIHFWLYHQHVV DQG +HDW 7UDQVIHU³ LQ
3URFHHGLQJV RI $60( 7XUER ([SR  15
*7GRL*7
>@ 0)UDDV7*ODVHQDSS$6FKXO]XQG+-%DXHU





RQ 5RXJK 6XUIDFHV³ LQ WK ,QWHUQDWLRQDO
6\PSRVLXPRQ7UDQVSRUW3KHQRPHQDDQG'\QDPLFV
RI5RWDWLQJ0DFKLQHU\
>@+ &KRH : 0 .D\V XQG 5 0RIIDW Ä7KH
6XSHUSRVLWLRQ $SSURDFK WR )LOP&RROLQJ³ $60(
3DSHU:$*7SS
>@02FKV7+RUEDFK$6FKXO]5.RFKXQG+-
%DXHU Ä$1RYHO&DOLEUDWLRQ0HWKRG IRU DQ ,QIUDUHG
7KHUPRJUDSK\ 6\VWHP $SSOLHG WR +HDW 7UDQVIHU





5DQJH ,QIUDUHG 7KHUPRJUDSK\ E\ 3L[HOZLVH
5DGLRPHWULF6HOI&DOLEUDWLRQ³ LQ ,QIUDUHG3K\VLFV	
7HFKQRORJ\    
GRLMLQIUDUHG
>@: & 5H\QROGV : 0 .D\V XQG 6 .OLQH Ä+HDW
7UDQVIHU LQ WKH 7XUEXOHQW ,QFRPSUHVVLEOH %RXQGDU\
/D\HU 3DUW  6WHS:DOO7HPSHUDWXUH'LVWULEXWLRQ³
6WDQIRUG 8QLYHUVLW\ 6WDQIRUG &$ 8QLWHG 6WDWHV
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